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of which was filed as U.S. Serial No. on ; and was filed as 

IntemationalAppKcation Serial No. PCT/FR03/00556 on 19 February 2003. 
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information and belief are believed to be true; and further that these statements were made with flie 
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, 
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- IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventor(s) Catherine CALLENS et al. 

Serial No. To Be Assigned 

Filed Herewith 

For METHOD FOR DESIGNING THE SPIDER SPRING OF A 

CONTROL CLUSTER OF A NUCLEAR FUEL 
ASSEMBLY, A CORRESPONDING SYSTEM, 
COMPUTER PROGRAM AND PRODUCT 

Examiner : To Be Assigned 

Art Unit To Be Assigned 

Mail Stop: PCT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 2231 3-1 450 

PRELIMINARY AMENDMENT AND 
37 C.F.R. S 1.125 SUBSTITUTE SPECIFICATION STATEMENT 

SIR: 

Kindly amend the above-captioned application before examination, as 
set forth below. 

IN THE SPECIFICATION AND ABSTRACT: 

In accordance with 37 C.F.R. § 1.121(b)(3), a Substitute Specification 
(including the Abstract, but without claims) accompanies this response. It is respectfully 
requested that the Substitute Specification (including Abstract) be entered to replace 
the Specification of record. 

IN THE CLAIMS: 

On the first page of the claims, first line, please add: 
- WHAT IS CLAIMED IS: -. 

Please cancel claims 1 to 8 without prejudice. 

Please add the following new claims: 
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9. (New) A memod for designing a nuclear fuel assennBTy which is intended 
to be positioned In a nuclear reactor, the assembly comprising a plurality of guide tubes 
and a control cluster which itself comprises a plurality of control rods which are received 
in the guide tubes and a support for the control rods, the assembly comprising a helical 
spring for damping an impact of the support against an upper end piece of the 
assembly In an event of the control cluster falling during a shutdown of the nuclear 
reactor, comprising: 

establishing a progression of speed of the control cluster after the impact of the 
support against the upper end piece; 

establishing, based on the speed of the control cluster after the Impact of the 
support against the upper end piece, a maximum longitudinal load for compression of 
the spring; and 

establishing, based on the maximum longitudinal load for compression of the 
spring, at least a maximum shearing stress in the spring. 

1 0. (New) The method according claim 9, wherein the maximum shearing 
stress (x^ax) is a shearing stress along a neutral axis of the spring. 

1 1 . (New) The method according to claim 9, wherein the maximum shearing 
stress Is a shearing stress along an axis (F2) of the spring nearest a longitudinal center 
axis (A) thereof. 

12. (New) The method according to claim 1 0, wherein the maximum shearing 
stress is a shearing stress along an axis (F2) of the spring nearest a longitudinal center 
axis (A) thereof. 

13. (New) The method according to claim 9, further comprising: 

verifying, using the maximum shearing stress in the spring, that a maximum 
stress admissible by the spring has not been exceeded. 

14. (New) A system for designing a nuclear fuel assembly, comprising: 

a first arrangement configured to establish a progression of speed of a 
control cluster after an impact of a support against an upper end piece; 

a second arrangement configured to establish, based on the speed of the 
control cluster, a maximum longitudinal load for compression of a spring; and 
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raHgement configured to establish, based on t 



a tiiird an-aH^ernerit configured to establish, based on the maximum 
longitudinal load for compression, at least a maximum shearing stress in the spring. 

1 5. (New) The system according to claim 1 4, further comprising: 
a computer; and 

a storage arrangement configured to store at least a program comprising 
instructions for performing steps of designing a nuclear fuel assembly, 

1 6. (New) An article of manufacture comprising: 

an arrangement configured to establish a progression of speed of the 
control cluster after the impact of the support against the upper end piece, establish 
based on the speed of the control cluster, a maximum longitudinal load for compression 
of the spring; and establish, based on the maximum longitudinal load for compression, 
at least a maximum shearing stress in the spring the article of manufacture configured 
to be read by a conrputer. 
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REMARKS 

This Preliminary Amendment cancels, without prejudice, claims 1 to 8 in 
the underlying PCT Application No. PCT/FR03/00556 and adds new claims 9 to 16. 
The new claims, inter alia , conform the claims to U.S. Patent and Trademark Office 
rules and do not add new matter to the application. 

In accordance with 37 C.F.R. § 1 .121 (b)(3), the Substitute Specification 
(including the Abstract, but without the claims) contains no new matter. The 
amendments reflected In the Substitute Specification (including Abstract) are to 
confomi the Specification and Abstract to U.S. Patent and Trademai1< Office rules or to 
con-ect informalities. As required by 37 C.F.R. §§ 1.121(b)(3)(iji) and 1.125(b)(2), a 
Marked-Up Version of the Substitute Specification comparing the Specification of 
record and the Substitute Specification also accompanies this Preliminary 
Amendment. Approval and entry of the Substitute Specification (including Abstract) is 
respectfully requested. 

The underlying PCT Application No. PCT/FR03/00556 includes an 
International Search Report, dated August 22, 2003, a copy of which is included. The 
Search Report includes a list of documents that were considered by the Examiner in the 
underlying PCT application. 

It is respectfully submitted that the subject matter of the present 
application is new, non-obvious and useful. Prompt consideration and allowance of the 
application are respectfully requested. 

Respectfully submitted, 
KENYON & KENYON 



Dated: 



^I'H • By: <\c^ 



John M. Vereb 
Reg. No. 48,912 

One Broadway 

New York, New York 10004 

(212) 425-7200 
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METHOD FOR DESIGNING THE SPIDER SPRING OF A CONTROL CLUSTER 
OF A NUCLEAR FUEL ASSEMBLY, A CORRESPONDING SYSTEM, COMPUTER 

PROGRAM AND PRODUCT 



FIELD OF INVENTION [Method for designing the spider spring 
of a control cluster of a nuclear fuel assembly, a 
corresponding system, computer programme and product] 
The present invention relates to a method for designing a 

5 nuclear fuel assembly which is intended to be positioned in 

a nuclear reactor, the assembly comprising a plurality of 

guide tubes, and a control cluster which itself comprises a 

plurality of control rods which are received in the guide 

tubes and a support for control rods, the assembly 

10. comprising a helical spring for damping the impact of the 

support against an upper end piece of the assembly in the 

evient of the control cluster falling during a shutdown of 

the nuclear reactor. 

BACKGROUND OF THE INVENTION 
15 It will be appreciated that nuclear fuel assemblies must be. 

dependable in order to allow reliable operation of nuclear 
reactors . [ 

]Thus, design and construction provisions for such 
assemblies have been drawn up. 

20 These provisions impose a general framework and minimum 
criteria which the assembly constructors must take into 
consideration. 

As far as the helical damping spring is concerned, the 
design provisions require verification by means of tests 
25 that the integrity of the spring has not been affected 

during the impact brought about in the event of a shutdown 
of the reactor. 
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Although the criterion imposed by the design provisions 
allows assemblies to be designed with satisfactory 
reliability, it would be desirable to limit the safety 
margins during design in order to reduce the mass and the 
5 cost of the assemblies constructed. 

SUMMARY OF THE INVENTION 

An objective [An object] of the invention is to overcome 
this problem by providing a method which allows reliable 
nuclear fuel assemblies to be designed, [whilst] while 
10 limiting the design margins. 

To this end, the invention relates to a method for designing 
a nuclear fuel assembly which is intended to be positioned 
in a nuclear reactor, the assembly comprising a plurality of 
guide tubes and a control cluster which itself comprises a 
15 plurality of control rods which are received in the guide 
%:8&ube^ and a support f or cbntrbl rbds, the Assembly 
' "cjbmprising a helical spring for damping the impact of the: 
^lipport against an upper and piece of the assembly in the--: . 
;^vent 'bf the control cluster failing during a shutdbwri of 
20 the nuclear reactor, [characterised in that] wherein the 
method comprises [ , ] the following steps : 

a) establishing [the] a progression of [the] a speed of the 
control cluster after the impact of the support against the 
upper end piece, 

25 b) establishing, based on the speed established in step a) , 
a maximum longitudinal load for compression of the spring, 
and 

c) establishing, based on the maximum longitudinal load for 
compression, at least a maximum shearing stress in the 
30 spring . 
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According to specific embodiments, the method can comprise 
one or more of the following features, taken in isolation or 
according to all technically feasible combinations: 

j2 a maximum shearing stress is a shearing stress along the 
5 neutral axis of the spring, 

_2 a maximum shearing stress is a shearing stress along the 
axis of the spring nearest the longitudinal centre axis 
thereof, 

j2 the method further comprises a step for verifying, using a 
10 maximum shearing stress established in step c) , that a 
maximum stress admissible by the spring has not been 
exceeded . 

The invention further relates to a system for designing a 
nuclear fuel assembly, [characterised in that] wherein it 

15 ' c^ for carrying: butT an- arrangement for . 

" • : -p^rg%3jinirig the steps of a method ^as ' defifted above/ 

Ag6^2^^ to a variant . of thh irivehtion , the system <; 
comprises a computer and storage [means] arrangement , in 
which at least a [programme] program comprising instructions 
20 for [carrying out] performing step's of the method for 
designing a nuclear fuel assembly is stored. 

The invention further relates to a computer [programme] 
program comprising instructions for [carrying out] 
performing the steps of a method as defined above. 

25 The invention also relates to a medium which can be used in 
a computer and on which a [programme] program as defined 
above is recorded, 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be better understood from a reading of 
30 the description below which is given purely by way of 
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example with reference to the appended drawings [, in 
which : ] ^ 

Figure 1 is a schematic, perspective [cut-away] cutaway view 
of a nuclear fuel assembly which is designed by a method 
according to the present invention [, 

Figure 2 is a schematic, partially sectioned side view drawn 
to an enlarged scale of the structure of the spider of the 
assembly of Figure 1 [ , ] ^ 

Figure 3 is a partial schematic side view of the assembly of 
Figure [1] 1, illustrating more particularly a pair 
comprising a guide tube/control rod[,]^ 

Figure 4 is a block diagram illustrating the system for 
designing the assembly of Figure It,]^ 

F|.gu3re 5 is a f low , chart iliustrating successive steps of 
W^&; <ie3±gn method carried out by .th^ system of Figure 4 .} . 



jiiire 6 is a progression curve of the falling speed of a. 
eotttrol;^TO it is introduced in /the lower portion^ of 

the corresponding guide tube, this progression being 
calculated by the system of Figure 4[, and]^ 

Figure 7 is a progression curve of the falling speed of the 
same control rod in the lower portion of the corresponding 
guide tube, this progression being calculated by the system 
of Figure 4 . 

DETAILED DESCRIPTION 

Figure 1 illustrates a nuclear fuel assembly 1 which mainly 
comprises a square-based lattice 2 for nuclear fuel rods 3 
and a control cluster 4 . 

The assembly 1 comprises grids 5 for maintaining the rods 3, 
[which] the grids 5 [are] distributed over the height of the 
rods 3 . A lower end piece 6 is arranged under the lower ends 
of the rods 3 and an upper end piece 7 above the upper ends 
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of the rods 3 . The upper end piece 7 is provided with 
springs 8 for pressing against the upper bearing plate of 
the reactor core, in which the assembly 1 is intended to be 
placed. 

The control cluster 4 comprises a plurality of control rods 
10, for example, 24. Conventionally, the control rods 10 
comprise a material which absorbs neutrons. 

The rods 3 and 10 extend in parallel with a: vertical 
longitudinal direction L. 

The rods 10 are carried at the upper ends thereof by a 
support 11 which is generally referred to as a spider. 

As illustrated more particularly in Figure 2, the spider 11 
comprises a vertical central upper head 12 and a series of 
arms -^br vanes 13 which extend radially outwards from the 
lowgi;;^^nd of the upper head 12 as far as the radially outer; 
end^ ;5E4 thereof . [ ■ \ 

] Eac:3^:-<:Qn^ rod 10 is connected to an arm 13 .at the upper 
end thereof. 

The upper head 12 of the spider 11 has a central blind hole 
15 which opens towards the bottom and in which a damping 
helical spring 16 is received. The spring 16 extends 
vertically along a [centre] center axis A. A tightening 
screw 17 extends substantially over the entire height of the 
hole 15 and is screwed into the wall 18 delimiting the upper 
portion of the hole 15. 

The lower portion of the screw 17 extends through the base 
of a retaining ring 2 0 which rests on the lower end of the 
spring 16. The head 21 of the screw 17 rests, at the top, 
against the base of the retaining ring 20 in order to press 
the spring 16 against the wall 18 of the upper head 12. 
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As illustrated in Figure 3 for a control rod 10, each 
control rod 10 is received in a respective guide tube 24 
which is arranged in the lattice 2 of fuel rods 3 . In this 
manner, 24 pairs comprising a guide tube/control rod are 
formed. Since each of these pairs has a similar structure, 
only one will be described below. 

The guide tube 24 extends from the lower end piece 6 as far 
as the upper end piece 7. The guide tube 24 comprises a 
lower portion 2 6 of reduced inside diameter and an upper 
portion -27. The lower portion 26 is connected to the lower 
end piece 6 by a collared screw 28, through which a vertical 
through-hole 29 extends. 

The lower portion 26 of the guide tube 24 surrounds the 
control rod 10 with a radial passage gap J. 

Th^/ jiipper portion 27 is fixed to the upper end piece 7 and 
opej^^ at the outside of the assembly [1] 1.: ' 

Lateral ^ 30, only one of which can be seen in 

Figute'>4, are provided in the upper portion 27 near the 
lower portion 26. 

When the assembly 1 is placed in a nuclear reactor, the 
cooling liquid of the reactor fills the interior of the 
guide tube 24 . 

Conventionally, the control cluster 4 can be moved 
vertically relative to the remainder of the assembly 1 in 
order to allow adjustment of the reactivity during normal 
operation of the reactor, and therefore variations in power 
from zero power up to maximum output depending on the 
vertical introduction of the control rods 10 in the lattice 
2 of rods 3 . The vertical displacement of the control 
cluster 24 is conventionally carried out by [way of] a drive 
rod which is connected to the upper end of the upper head 
12 . 
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When the reactor is shut down, the drive rod and the 
assembly 4 fall [owing] due to gravity. 

At the start of this falling movement, the control rods 10 
are guided only by the upper portions 2 7 of the guide tubes 
24 and have not yet reached the lower portions 26. 

Once the falling action has ended, the lower ends of the 
control rods 10 are introduced in the lower portions 26. The 
cooling fluid contained in the portions 26 is then violently 
forced, on the one hand, upwards thereby and, on the other 
hand, downwards through the apertures 2 9 of the collared 
screws 28. 

Each lower portion 26 therefore behaves in the manner of a 
hydraulic damper braking the falling movement of the 
corresponding control rod 10, and therefore of the assembly 



This impact is carried out by [means of the] a retaining 
ring 20. During this impact, the spring 16 is compressed 
vertically in order to absorb the shock. 

According to the invention, the assembly 1 has been designed 
in order to take into consideration the specific stresses 
brought about in the assembly by the fall of the control 
cluster 4 during such a shutdown of the reactor. 

In this maimer, in order to design the assembly 1, in 
particular a data -processing system 32 has been used, as 
illustrated schematically in Figure 4. 

This system 32 comprises, for example, a computer or data 
processing unit 34 comprising one or more processors, a 
storage [means] arrangement 36, input/output [means] 
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arrangement 38, and optionally display [means] arrangement 
40. 



Instructions which can be [carried out] performed by the 
computer 34 are stored in the form of one or more programs 
in the storage [means] arrangement 36. 

These instructions are, for example, instructions in FORTRAN 
programming code. 

These various instructions, when they are [carried out] 
performed by the computer 34, allow the method illustrated 
by the flow chart of Figure 5 to be [carried out] performed . 

In a first step illustrated by the box 42 of this Figure, 
the computer 34 calculates, based on data 43, the 
development of the falling speed of a control rod 10 in the 
upper portion 2 7 of the corresponding guide tube 24 in the 
eventtr^^pf aV shutdown of the reactor . 

fhisf^^lcuiation can be [carried out] performed assuming, 
toi: eScample, that the control rod 10 is ifirst sxibjected to 
constant loads : 

gravitational force: fg = Mg, 

Archimedes » thrust : f a = -p gV, 

pressure difference in the core: fc, and 

[-] 

mechanical friction: fm, 

where M and V are the mass and the volume, respectively, of 
the assembly 4 and the drive rod thereof. 

The control rod 10 is also subjected to loads as a function 
of the speed or position thereof, for example, hydraulic 
friction which can be obtained from: fh = [-]cl (M + pV) v^. 
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with V = speed of the assembly 4 and therefore of the rod 10 
in question. 

Thus, the equation of the movement of the rod in the upper 
portion 27 of the guide tube 24 is as follows: 

(M+/7V)^=2f 

This gives: 

dv 

— = c2-cl v' 
dt 

with cl = hydraulic friction^ in the guide tube and 
M+ pV 

Cl and c2 are, for example, experimental data measured 
during drop tests of the control cluster 4. These data are, 
with ^fehe other data necessary for the calculation, such aa 
the. m<iss and the volume, of the assembly 4 and the drive rod 
thereibi, introduced, for example, in the form of a file 43 
by way of the input/output [means] arrangement 38. 

The computer 34 resolves the equation of the movement of the 
control rod 10, for example, using the NEWTON method . 

Thus, the progression of the speed of the control rod 10 in 
the upper portion 27 is known as a function of time. The 
profile established in this manner can be displayed in the 
form of a curve by the display [means] arrangement 40. This 
curve is illustrated by Figure 6. 

In this manner, at the end of the step illustrated by the 
box 42, the speed of the control rod 10 is known at the 
point of entry to the lower damping portion 26 of the guide 
tube 24. 
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Based on the results of the step of box 42, the computer 34 
calculates the progression of the speed of the control rod 
10 during its fall in the lower damping portion 26. 

This step is schematically illustrated by the box 44. 

This step can be carried out using the following equation: 



dv ( SCAxNCAAP] ^ 
— = c2- cl+— r 



fg-{- fa M- pV 

witJ^ ^2= Tz = j^ S [c2 =] 

M^t pV M^pV 

SCA = cross-section of the rod 10 and 

NCA [=] number of rods 10 in the assembly 4, 

10 Therefore, the hypothesis that fc and fm are negligible is 
appl ied here . 

s^^-/.:^ ; ^^T^ AP represents the elevated pressure produced 

in' tliye^ liquid contained in the guide tube 24v that 

St. ;'. . ; is to,gp^y ,^ the pressure the^ between the . lower end of the 
15 rod 10 and the pressure present in the upper portion 27 of 
the guide tube 24 . 

AP can be established by the following fonnula: 
= ^ pQW{EXPA + CONTRA + FECRxCISAxz) 



where EXPA^ 



( SCA ( ^ SACM 



\SACM\ SACTG) 
20 with SM = cross-section of the lower portion 26, 

SACM = SM - SCA = cross -section of the annular space between 
the rod 10 and the lower portion 26, 

SACTG = STG - SCA, where STG is the cross-section of the 
upper portion 27 of the guide tube 24, 
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=-pQ^v\EXPA + CONTRA + FECRxCISAxz). 



The computer 34 [carries out] performs , in the step of box 
48, the calculation of a circumferential stress and maximum 
normal aeMAX/ to which the lower portion 2 6 of the guide tube 
24 is subjected owing to the maximum elevated pressure APmax. 

This stress can be calculated based on the formula: 



[]EMP = minimum thickness of the wall of the lower portion 



The system 32 can then provide, owing to the input /output 
7"f^^.^s 3:8, a first result in the form of a file 49 containing 



of the progression of the speed of the control rod 10 after 
it comes into contact with the spider 11 and the upper end 
piece 7. [ 

]This calculation step is illustrated by the box 50 in 
[Figure] figure 5. 

This calculation can be [carried out] performed , for 
example, using the following equation when the ring 20, and 
therefore the spider 11, is in contact with the upper end 
piece 7: 




where DPM = inside diameter of the lower portion 26 and 



26. 




{M-^pV)^^ {M- pV)g- PRCH- K(z- LAl)-c3 v 
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CONTRA = 0.4 



( SACM\ ( SCA y 
[ SM ASACm) ' 



FECR = coefficient of loss of load owing to friction in the 
lower portion 26, 



DM = mean diameter of the guide tube 24 in the upper portion 
27, 

z = height of the rod 10 introduced in the lower portion 26 
of the guide tube 24, and 

Q = fraction of liquidj^ flowing upwards out of the lower 
portion 26. 

The resolution of the equations governing the movement of 
th^-^^bd 10 af tier entry into this lower portion 26 is carried, 
oii^t'by the computer 34^ for exkmjjle, using the RUN(3Et-KUTTA ■ 



Thus, at the end of the step 44, the progression of the 
speed of the control rod 10 in the lower portion 2 6 of the 
guide tube 24 is known before the impact of the spider 11 on 
the upper end piece 7 . 

The speed profile established in this manner can be 
displayed, for example, by the [means] arrangement 40, as 
illustrated in Figure 7. On the curve in Figure 7, the 
speed profile established during step 44 is the portion 
located to the left of the point 45. 

The computer 34 then [carries out] performs , in the step of 
box 46, the calculation of the maximum elevated pressure 
produced APmax- 

This calculation can be [carried out] performed , for 
example, based on the formula: 
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with PRCH = pretension of the spring 16 = PRCMP x K, where 
PRCMP is the precompression of the spring 16 and K the. 
rigidity of the spring 16, 

liAI = distance travelled by the control rod in the lower 
portion 26 before impact, and 

c3 = coefficient of hydraulic damping in order to model the 
damping in the lower portion 26. 

In the event of a rebound, that is to say, when the spider 
11 is no longer in contact with the upper end piece 7, the 
equation for movement of the control rod 10 in question is 
written as follows: 

(m+ pv)^ = (M- pV)g-' c3 V 

. These t\yq equations are integrated by. the computer 34, for. 
^ exan^fe, -^^^ the RUNGE-KUTTA-^^iin^ ,^ 

-■^ilh^lc^§$m^./: the step 50 allows the kinemafcics of the control 
=clus.te^;4. to. be established. during, the.. mephan damping of- 

the shock by the spring 16. The speed profile established in 
this manner can be displayed, for example, by the [means] 
arrangement 40. This profile corresponds to the portion 
located to the right of the point 45 on the curve in Figure 
7, 

Based on the results of this step, the system 32 [carries 
out] performs , in the step 52, the calculation of a maximum 
vertical compression force Fmax/ to which the spring 16 is 
subjected during the mechanical damping. 

This calculation can be [carried out] performed , for 
example, based on the following formula: 

Fmax = max {K(z-LiAI)+ PRCH} 
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The system 32 then [carries out] performs , in the step of 
box 54^ the calculation of an approximate maximum shearing 
stress Xmax in the spring 16: 




with DFN = DER-DFR and 

DER = outside diameter of the spring 16, 

DFR = diameter of the wire of the spring 16. 

Subsequently, the system 32 can optionally [carry out] 
10 perform , based on the maximum stress Xmax/ the calculation of 
maximum corrected stresses [:] _^ 

These stresses can be calculated by multiplying Tmax by 

:V::dif 

0.5 

15 withKc = 1 + — , 

DFN 
C = , and 

DFR' 

„ _ 4C>1 0.615 
4C-4 C 



T^MAXi = Tmax x Kc, and 



XMAX2 = Tmax x K, 



20 with Kc = 1 + 
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c 



DFN 
DFR ' 



and 



K 



4C-4 



^ 0,615 



C 



The stress Xmaxi corresponds to the shearing stress along the 
neutral axis FN (Figure 2) of the spring 16. The stress Tmax2 
corresponds to the stress along, the axis F2. (Figure 2) of 
the spring 16 nearest the vertical [centre] center axis A of 
the spring 16 (see Figure 2) . 

At the end of this step illustrated by the box 56, the 
system 32 provides the various maximum shearing stresses 
calculated, for example, in the form of data stored in a 
file 57, which are transmitted by the input/output [means] 
arrangement 38. - . . 

Based =<3& t^^ data contained in the files 49 and 57, which . 
^ha^re:^^§^i:3^1bi^&n stored in the storage [means] arrangmeht 36 , . 
the.v-ct>mputer 34 will verify that;, the mapcimum stresses 
calculated are indeed acceptable for the materials which 
respectively constitute the guide tube 24 and the helical 
spring 16 . 

This step has been schematically illustrated by the box 58 
in Figure 5. During such a step, the system 32 will, for 
example, verify that the maximum shearing stresses 
calculated during the steps 54 and 56 are less than maximum 
values admissible by the material which constitutes the 
spring 16. This verification is [carried out] performed by a 
comparison of Imax, Xmaxi and Tmax2 with a maximum value 
admissible by the material of the spring 16. 

As far as the maximum circumferential stress obmax is 
concerned, the verification can be [carried out] performed 
based on a formula of the type: 
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admissible 



where aadmissibie refers to the material which constitutes the 
lower portions 26 of the guide tubes 24. 

5 The function f can be a function which takes into 

consideration other stresses to which the guide tubes 24 can 



to which the guide tubes 24 are subjected during the contact 
of the springs 8 of the upper end piece 7 against the upper 
10 bearing plate of the core in order to counterbalance the 
hydrostatic thrust during operation. 

Thus, the function f can be, for example, in the form of f 



based on results provided by various pieces of software each 
dedicated to taking into consideration specific operating 
20 conditions and which include the software which [carries 
out] performs the steps 42, 44, 46, 48, 50, 52, 54 and 56. 

In general terms, the file 43 comprising the data 43 used by 
the method for the various calculations can comprise the 
data of Table 1 below. 



be subjected. Such a stress can be a vertical compression Qa, 
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ouisicie aiaineicr oi coniroi roci lu 


(m) 


Nominal; maximum 






iNoimnai, maximum 


inciH^ HiJiTn^fAT rt"f*lr\"w<*"r tirtTfirtn 0^ 


{m) 


iNominai, maximum 








/I OTYlt^lTl fT fT*0\7^1 r\f^Tf\rf^ f»T^^Qr*i" 

iXctiiipiii^ ird-vci Dciorc impaci 


(m) 




nuiuinuiii uiicKucss oi wan oi lower poriion zo 


(m) 




•maxiiuuni rougiiiiGSS oi rou i u/ lUDw Z4 


{m) 




Qiarneier oi apermrc 


(m) 




lengiJi OI apcixure 


(m) 




rougnness oi tenure zv 


(m) 




moving mass ivi 






voiiuTieinc mass oi iiquia 


(Kg/m ) 




Kmemauc viscosiiy oi iiquici 


(m /s) 




CI 


(/m) 




cz 


(^m/s ) 




X oung s moauius oi guiue luoe z*i- 


(Fa) 




Poisson's ratio of guide tube 24 






spring precompression 16 


(m) 










length of spring 16 with contigudiis turns 


(m) 




outsi4e: diameter of spring 16 


(m) 




digflj^l^^ ;\ 


(m) 




Qomji|jei|^^^^ upper head 12 is in contect .\yi&^^v ; 
uppejr -enSvpieee 7. 


(m) 




.. . ;•: . 







Table 1 



Similarly, the file 49 comprising the results from step 48 
[can] an comprise the data of Table 2 below. . 



APmax: maximum elevated pressure in lower portion 26 


(Pa) 


Zhax: corresponding penetration in lower portion 26 


(m) 


09MAX : maximum stress in lower portion 26 


(Pa) 


fmax: maximum force on lower end piece 6 


(N) 


tdur: duration of fall in lower portion 26 before impact 


(s) 


vfin: speed of impact of assembly 4 on upper end piece 7 


(m/s) 



Table 2 
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The file 57 comprising the results of step 56 can itself 
contain the data of Table 3 below. 



Fmax: maximum compression force on spring 16 


(N) 


hMAx: maximum deflection of spring 16 


\m; 


Tmax ' approximate maximum stress in spring 


(Pa) 


Tmaxi : approximate maximum stress corrected by Kc 


(Pa) 


Tmax2 : approximate maximum stress corrected by K (Wahl coefficient) 


Pa) 


Table 3 





It has been possible to verify by experiment that the 
maximum elevated pressures and the maximum stresses obtained 
by means of steps 42, 44, 46 and 48 were reliable. In this 
manner, the first corresponding part of the method allows 
reliable guide tubes 24 to be designed. Furthermore, this 
; f ^^1^ i^ingle, stress, wiiich appears ; to ... 

tJe -ftne: p :stress . f opj^ tjie, Qonditipn^ . being cortsiaered: 

CO^^^guenfcly, this first part of the method allows the . • 
s¥<^Li^i£y design, and therefqic^e . 

assemblies which are relatively light and economical to be 
designed. 

The second part of the method, which corresponds to steps 
50, 52 54 and 56, also allows maximum stresses to be 
reliably calculated, as confirmed by experiment. 

Thus, the second part of the method allows a reliable design 
to be arrived at by calculation for the spider springs 16, 
which design is found to be advantageous in comparison with 
the method of tests alone which is currently imposed by 
provisions. It will be appreciated that the second part of 
the method calculates only the small number of stresses, and 
in particular those on the axis F2 of the spring 16 nearest 
the [centre] center axis A of the spring, which are found to 
be pertinent to the conditions envisaged. In this manner, 
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the second* part of the. method allows the design margins to 
be reduced. 

In more general terms, the steps 42, 44, 46 and 48, on the 
one hand, and 50, 52, 54 and 56, on the other, can be 
[carried out] performed by separate pieces of software. 

In order to increase the reliability of the calculation, for 
[carrying out] performing the first part of the method it is 
possible to use, as the passage gap J, the nominal value of 
the gap,, or this nominal value corrected by the 
manufacturing tolerance, or a value resulting from 
statistical studies of the distribution of passage gaps J 
obtained in constructed assemblies. 

In a variant, it is possible to use a gap value J which is 
greater for steps 42 and 44 and a smaller gap value J for 
^^eP^-46 :and. 48 This .allows. aAhigh stress value oomax to be^• . 
calc^l^ed:vbecause the^ speed- reacfctedi during the ; fall .of the 
;ip<i: 10 :^^^ high and .the- volume; available in the t 

-lower^^poi^ fpt the ^liquid : during is small: 

However, this high stress value is not unrealistic and 
therefore does not lead to unjustified design margins, as 
illustrated by the following example. 



According to a specific variant, the upper value can be a 
maximum value for gap J which is verified with a given 
probability, for example, 95%, in constructed assemblies, 
25 and the lower value can be a minimum value obtained with the 
same probability- This variant allows an approximation of 
the situation where a single pair comprising a guide 
tube/control rod has minimum gap J, where the maximum stress 
oqmax would be reached, and where all the other pairs 
comprising a guide tube/control rod have the maximum passage 
gap J, which would be the most extreme case. 
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A method for designing a nuclear fuel assembly, including 
the steps of establishing a progression of a speed of the 
control cluster after the impact of the support against the 
upper end piece, establishing, based on the speed 
established in step a) , a maximum longitudinal load for 
compression of the spring, and establishing, based on the 
maximum longitudinal load for compression, at least a 
maximum shearing stress in the spring. 
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[ro28/10019] 

METHOD FOR DESIGNING THE SPIDER SPRING OF A CONTROL CLUSTER 
OP A NUCLEAR FUEL ASSEMBLY, A CORRESPONDING SYSTEM, COMPUTER 

PROGRAM AND PRODUCT 



FIELD OF INVENTION 

The present invention relates to a method for designing a 
nuclear fuel assembly which is intended to be positioned in 
a nuclear reactor, the assembly comprising a. plurality of 
5 guide tubes, and a control cluster which itself comprises a 
plurality of control rods which are received in the guide 
tubes and a support for control rods, the assembly 
comprising a helical spring for damping the impact of the 
support against an upper end piece of the assembly in the 
10 event of the control cluster falling during a shutdown of 
the nuclear reactor . 

, BACKGROUND OF THE INVENTION 

It will be appreciated that nucleajr fuel assemblies must be . 

dependable in order to allow reliable operation of nuclear 

15 reactors. Thus, design and construction provisions for such 

assemblies have been drawn up. 

These provisions impose a general framework and minimum 
criteria which the assembly constructors must take into 
consideration . 

20 As far as the helical damping spring is concerned, the 

design provisions require verification by means of tests 
that the integrity of the spring has not been affected 
during the impact brought about in the event of a shutdown 
of the reactor. 

25 Although the criterion imposed by the design provisions 
allows assemblies to be designed with satisfactory 
reliability, it would be desirable to limit the safety 
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margins during design in order to reduce the mass and the 
cost of the assemblies constructed. 

SUMMARY OF THE INVENTION 

An objective of the invention is to overcome this problem by 
providing a method which allows reliable nuclear fuel 
assemblies to be designed, while limiting the design 
margins . 

To this end, the invention relates to a method for designing 
a nuclear fuel assembly which is intended to be positioned 
in a nuclear reactor, the assembly comprising a plurality of 
guide tubes and a control cluster which itself comprises a 
plurality of control rods which are received in the guide 
tubes and a support for control rods, the assembly 
comprising a helical spring for damping the impact of the 
.•support against an upper end piece of the assembly in the 
j^j: event of the control cluster falling during .a shutdown of •:: . 
^: the nuclea reactor, wherein the method comprises the 
vfollowing steps: 

a) establishing a progression of a speed of the control 
cluster after the impact of the support against the - upper 
end piece, 

. b) establishing, based on the speed established in step a) , 
a maximum longitudinal load for compression of the spring, 
and 

25 c) establishing, based on the maximum longitudinal load for 
compression, at least a maximum shearing stress in the 
spring , 

According to specific embodiments, the method can comprise 
one or more of the following features, taken in isolation or 
30 according to all technically feasible combinations: 

- a maximum shearing stress is a shearing stress along the 
neutral axis of the Spring, 
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- a maximum sheaning stress is a shearing stress along the 
axis of the spring nearest the longitudinal centre axis 
thereof. 



maximum shearing stress established in step c) , that a 
maximum stress admissible by the spring has not been 
exceeded. 

The invention further relates to a system for designing a 
nuclear fuel assembly, wherein it comprises an arrangement 
for performing the steps of a method as defined above. 

According to a variant of the invention, the system 
comprises a computer and storage arrangement, in which at 
least a program comprising instructions for performing steps 
of the method for designing a nuclear fuel assembly is 

; stpr:ed... ; 

'The^^rivention further relates to a cbir^putfer program 
:com^:i-d,sing instructions for performing the steps of a method 
as defined above. ^ 

The invention also relates to a medium which can be used in 
a computer and on which a program as defined above is 
recorded. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be better understood from a reading of 
the description below which is given purely by way of 
example with reference to the appended drawings. 

Figure 1 is a schematic, perspective cutaway view of a 
nuclear fuel assembly which is designed by a method 
according to the present invention. 

Figure 2 is a schematic, partially sectioned side view drawn 
to an enlarged scale of the structure of the spider of the 
assembly of Figure 1 . 



- the method further comprises a step for verifying, using a 
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Figure 3 is a partial schematic side view of the assembly of 
Figure 1, illustrating more particularly a pair comprising a 
guide tube/control rod. 

Figure 4 is a block diagram illustrating the system for 
designing the assembly of Figure 1. 

Figure 5 is a flow chart illustrating successive steps of 
the design method carried out by the system of Figure 4 . 

Figure 6 is a progression curve of the falling speed of a 
control rod before it is introduced in the lower portion of 
the corresponding guide tube, this progression being 
calculated by the system of Figure 4 . 



Figure 7 is a progression curve of the falling speed of the 
same control rod in the lower portion of the corresponding 
guide tube, this progression being caldulated by the system 
15 of *:F±guicet 4, 

' DEmiLED' DESCRIPTION - " . 

iillustr^tes. a. miclear ftiel as^sejttbly 1 which mainly: :\ 

cdTT^rises a square-based lattice 2 for nuclear fuel rods 3 : 
and a control cluster 4 . 

20 The assembly 1 comprises grids 5 for maintaining the rods 3, 
the grids 5 distributed over the height of the rods 3. A 
lower end piece 6 is arranged under the lower ends of the 
rods 3 and an upper end piece 7 above the upper ends of the 
rods 3 . The upper end piece 7 is provided with springs 8 for 

25 pressing against the upper bearing plate of the reactor 
core, in which the assembly 1 is intended to be placed. 

The control cluster 4 comprises a plurality of control rods 
10, for example, 24. Conventionally, the control rods 10 
comprise a material which absorbs neutrons. 



The rods . 3 and 10 extend in parallel with a vertical 
longitudinal direction L. 
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The rods 10 are carried at the upper ends thereof by a 
support 11 which is generally referred to as a spider. 

As illustrated more particularly in Figure 2, the spider 11 
comprises a vertical central upper head 12 and a series of 
arms or vanes 13 which extend radially outwards from the 
lower end of the upper head 12 as far as the radially outer 
ends 14 thereof. Each control rod 10 is connected to an arm 
13 at the upper end thereof. 

The upper head 12 of the spider 11 has a central blind hole 
15 which opens towards the bottom and in which a damping 
helical spring 16 is received. The spring 16 extends 
vertically along a center axis A. A tightening screw 17 
extends substantially over the entire height of the hole 15 
and is screwed into the wall 18 delimiting the upper portion 
-of the hole 15. 

^he lower pprt ion of the screw 17 extends through the base 
^?of a retaining ring 2 0 which rests on the lower end of the 
■^pr.ing 16. The head 21 of the screw 17 rests, at the top/, 
against the base of the retaining ring 20 in order to press 
the spring 16 against the wall 18 of the upper head 12. 

As illustrated in Figure 3 for a control rod 10, each 
control rod 10 is received in a respective guide tube 24 
which is arranged in the lattice 2 of fuel rods 3 . In this 
manner, 24 pairs comprising a guide tube/control rod are 
formed. Since each of these pairs has a. similar structure, 
only one will be described below. 

The guide tube 24 extends from the lower end piece 6 as far 
as the upper end piece 7. The guide tube 24 comprises a 
lower portion 26 of reduced inside diameter and an upper 
portion 27. The lower portion 26 is connected to the lower 
end piece 6 by a collared screw 28, through which a vertical 
through-hole 29 extends. 
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The lower portion 26 of the guide tube 24 surrounds the 
control rod 10 with a radial passage gap J. 

The upper portion 2 7 is fixed to the upper end piece 7 and 
opens at the outside of the assembly 1. 

5 Lateral apertures 30, only one of which can be seen in 
Figure 4, are provided in the upper portion 27 near the 
lower portion 26. 

When the assembly 1 is placed in a nuclear reactor, the 
cooling liquid of the reactor fills the interior of the 
10 guide tube 24 . 

Conventionally, the control cluster 4 can be moved 
vertically relative to the remainder of the assembly 1 in 
order to allow adjustment of the reactivity during normal 
operation of the reactor, and therefore variations in power 
^ 15 fromtizero power upi to maximum output depending, on the 

I':'; vertri^dai Introduction of th rods .10 in; the lattice' 

^ ■ :^ 6£$^b<ls^ 3 • The vertical dispiaceiment, 6f the dontrol 



20 When the reactor is shut down, the drive rod and the 
assembly 4 fall due to gravity. 

At the start of this falling movement, the control rods 10 
are guided only by the upper portions 27 of the guide tubes 
24 and have not yet reached the lower portions 26. 

25 Once the falling action has ended, the lower ends of the 

control rods 10 are introduced in the lower portions 26. The 
cooling fluid contained in the portions 26 is then violently 
forced, on the one hand, upwards thereby and, on the other 
hand, downwards through the apertures 2 9 of the collared 

30 screws 28. 



cluster 24 is conventionally carried dut by a drive rod 
which is connected to the upper end of the upper head 12 . 
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Each lower portion 26 therefore behaves in the manner of a 
hydraulic damper braking the falling movement of the 
corresponding control rod 10, and therefore of the assembly 
4. 

5 This braking phase ends at the end of the travel path with 
the impact of the spider 11 against the upper end piece 7 of 
the assembly 1 , 

This impact is carried out by a retaining ring 20. During 
this impact, the spring 16 is compressed vertically in order 
10 to absorb the shock. 

According to the invention, the assembly 1 has been designed 
in order to take into consideration the specific stresses 
brought about in the assembly by the fall of the control 
cluster 4 during such a shutdown of the reactor. 

^>^^^t?^ii^^^^ in order >to .- design the . assembly 1, in . 

. ipatrtiou^^^^ data-processing system 32. has been used, as ,. 

riiiukt^^^^^ Figure 4 1- 

'This^ System 32 comprises, for example, a computer or data 
processing unit 34 comprising one or more processors, a 
storage arrangement 36, input /output arrangement 38, and 
optionally display arrangement 40. 

Instructions which can be performed by the computer 34 are 
stored in the form of one or more programs in the storage 
arrangement 3 6 . 

25 These instructions are, for example, instructions in FORTRAN 
programming code. 

These various instructions, when they are performed by the 
computer 34, allow the method illustrated by the flow chart 
of Figure 5 to be performed. 



20 



30 



In a first step illustrated by the box 42 of this Figure, 
the computer 34 calculates, based on data 43, the 
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development of the falling speed of a control rod 10 in the 
upper portion 27 of the corresponding guide tube 24 in the 
event of a shutdown of the reactor. 

This calculation can be performed assuming, for example, 
that the control rod 10 is first subjected to constant 
loads : 

gravitational force: fg = Mg, 

Archimedes" thrust: fa = -p gV,. 

pressure difference in the core: fc, and 

mechanical friction: fm, 

where M and V are the mass and the volume, respectively, of 
the assembly 4 and the drive rod thereof. 

The coiitrol rod 10 is also subjected to loads as a function . 
of ti^?^si^^ thereof ; "^for^ exairple, hydraulic, 

f riGt:7i^p:h: Which can be oBtaihesd frorn: ■ f h = -ci (M . + -pV) v^/ : 
with J^i^i s^^^ of the assembly 4 ahd therefore , of the rod. 10 
in question. . . . 

Thus, the equation of the movement of the rod in the upper 
portion 27 of the guide tube 24 is as follows: 

(M+/,v)^=Ef 

This gives : 

dv 

— =c2-cl 
dt 

with cl = hydraulic friction in the guide tvibe and 
fg^ fa-k- fc^ fin 



c2=- 



M+pV 



Cl and c2 are, for example, experimental data measured 
during drop tests of the control , cluster 4. These data are. 
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With the other data necessary for the calculation, such as 
the mass and the volume of the assembly 4 and the drive rod 
thereof, introduced, for example, in the form of a file 43 
by way of the input /output arrangement 38. 

The computer 34 . resolves the equation of the movement of the 
control rod 10, for example, using the NEWTON method. 

Thus, the progression of the speed of the control rod 10 in 
the upper portion 27 is known as a function of time. The 
profile established in this manner can be displayed in the 
form of a curve by the display arrangement 40. This curve is 
illustrated by Figure 6. 

In this manner, at the end of the step illustrated by the 
box 42, the speed of the control rod 10 is known at the 
point of entry to the lower damping portion 26 of the guide 
ttibe 24 . ' ...... ^ ^ . . 



yoh: the -re suits of the step , of;, box.: 42 , the computer 34 / 
calgiij^iates^ progression; of the . speed of the controL rod 

iO ^^uring itS: f a^ll in the lower dampingf portion 26, ' 

This step is schematically illustrated by the box 44. 

This step can be carried out using the following equation: 



- — = c2 - 
dt 



( , SCAxNCA^F] , 

ci+— — - — riv 

V M+ pV v"- 



^^^^ -ETV^^i^rr^^ 

SCA = cross -sect ion of the rod 10 and 

NCA number of rods 10 in the assembly 4. 

Therefore, the hypothesis that fc and fm are negligible is 
applied here. 
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The difference AP represents the elevated pressure produced 
in the cooling liquid contained in the guide tube 24, that 
is to say, the pressure thereof between the lower end of the 
rod 10 and the pressure present in the upper portion 27 of 
the guide tube 24 . 

AP can be established by the following formula: 
A-P = ^ pQ^^EXPA + CONTRA + FECRxCISAxz) 



r^^. ( SCA r SACM\] 

where EXPA = 1 

KSACMK SACTGJ) 



2 



with SM = cross-section of the lower portion 26, 

SACM = SM - SCA = cross -sect ion of the annular space between 
the rod 10 and the lower portion 26, 

;SACTG:,;.= ,:ST^ SCA, where STG is the. cross-section of the 
i^pp^ ■ jp^)^t^^ 27 Qf the, -guidjs tube 24 



^^xT^oV '^-^T , SACM) ( SCA 



FECR = coefficient of loss of load owing to friction in the 
lower portion 26, 

\SMJ DM' 

DM = mean diameter of the guide tube 24 in the upper portion 
27, 

z = height of the rod 10 introduced in the lower portion 26 
of the guide tube 24, and 

Q = fraction of liquid, flowing upwards out of the lower 
portion 26. 

The resolution of the equations governing the movement of 
the rod 10 after entry into the lower portion 26 is carried 
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out by the computer 34, for example, using the RUNGE-KUTTA 



Thus, at the end of the step 44, the progression of the 
speed of the control rod 10 in the lower portion 26 of the 
guide tube 24 is known before the impact of the spider 11 on 
the upper end piece 7 . 

The speed profile established in this manner can be 
displayed, for example, by the arrangement 40, as 
illustrated in Figure 7. On the curve in Figure 7, the 
speed profile established during step 44 is the portion 
located to the left of the point 45. 

The computer 34 then performs, in the step of box 46, the 
calculation o,f the maximum elevated pressure produced APmax- 

This calculation can be performed, for example, based on the 



calculation of a circumferential stress and maximum normal - 
coMAx / to which the lower portion 26 of the guide tube 24 is 
subjected owing to the maximum elevated pressure APmax. 

This stress can be calculated based on the formula: 



where DPM = inside diameter of the lower portion 26 and EMP 
= minimum thickness of the wall of the lower portion 26. 

The system 32 can then provide, owing to the input /output 
means 38, a first result in the form of a file 49 containing 
the value OeMAx established, and optionally the maximum 
elevated pressure APmax established. ^ 



method . 




The computer 34 performs, in the step of box 48, the 
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Next, the system 32 performs the calculation of the 
progression of the speed of the control rod 10 after it 
comes into contact with the spider 11 and the upper end 
piece 7. This calculation step is illustrated by the box 50 
in figure 5- 

This calculation can be performed, for example, using the 
following equation when the ring 20, and therefore the 
spider 11, is in contact with the upper end piece 7: 

(m + pV)^=(M- pV)g'' PRCH- K{z- LAl)-c3 v 

with PRCH = pretension of the spring 16 = PRCMP x K, where 
PRCMP is the pirecompression of the spring 16 and K the 
rigidity of the spring 16, 

LAI == distance travelled by the control rod in the lower 
port ipn... 2 6- before impact, and , 

•c3 = e^^ of hydraulic damping in order to mddel the 

damping in the lower portion. 26. 

In the event of a rebound, that is to say, when the spider 
11 is no longer in contact with the upper end piece 7, the 
equation for movement of the control rod 10 in question is 
written as follows: 

( + pV)^ = (M- pV)g'- c3 V 

These two equations are integrated by the computer 34, for 
example, using the RUNGE-KUTTA method - 

Therefore, the step 50 allows the kinematics of the control 
cluster 4 to be established during the mechanical damping of 
the shock by the spring 16. The speed profile established in 
this manner can be displayed, for example, by the 
arrangement 40. This profile corresponds to the portion 
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riqnt of the point 45 on the curve 



located to the right of the point 45 on the curve in Figure 
7. 

Based on the results of this step, the system 32 performs, 
in the step 52, the calculation of a maximum vertical 
5 compression force F^x, to which the spring 16 is sxibjected 
during the mechanical damping. 

This calculation can be performed, for example, based on the 
following formula: 

Fmax = max {k(z-LAI)+ PRCH} 

10 The system 32 then performs, in the step of box 54, the 

calculation of an approximate maximum shearing stress Tmax in 
the spring 16 : 

v; :With DFN DER-DFR and 

0.x V" . 15 : I)ER ~i?;^ufcsi^ diameter of the . sprihg ;i6v 

DFR = diameter of the wire of. the spring 16, 

Subsequently, the system 32 can optionally perform, based on 
the maximum stress Tmax/ the calculation of maximum corrected 
stresses. 

20 These stresses can be calculated by multiplying Imax by 
different factors . 

Thus, it is possible to calculate: 

0.5 

withKc = 1 -I- — , 

DFN 
C = TT— and 
DFR 

4C-1 0.615 
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The St ress Tmaxi corresponds to the shearing stress along thie 



neutral axis FN (Figure 2) of the spring 16, The stress Tmax2 
corresponds to the stress along the axis F2 (Figure 2) of 
5 the spring 16 nearest the vertical center axis A of the 
spring 16 (see Figure 2) . 

At the end of this step illustrated by the box 56, the 
system 32 provides the various maximum shearing stresses 
calculated, for example, in the form of data stored in a 
10 file 57, which are transmitted by the input/output 
arrangement 38. 

Based on the data contained in the files 4 9 and 57, which 
have also been stored in the storage arrangment 36, the 
computer 34 will verify that the maximum stresses calculated 
15. are 'indeed acceptable for the materials' which respectively 
. cons?fef tute. the guide tube 24 and the helical spring 16.. 

This^'^tep has been schematically illustrated by . the box '58 
in Figure 5. During such a step, the system 32 will, for 
example, verify that the maximum shearing stresses 
20 calculated during the steps 54 and 56 are less than maximum 
values admissible by the material which constitutes the 
spring 16. This verification is performed by a comparison of 
Tmax, Tmaxi and Tmax2 with a maximum value admissible by the 
material of the spring 16. 

25 As far as the maximum circumferential stress osmax is 

concerned, the verification can be performed based on a 
formula of the type : 



where Oadmissibie refers to the material which constitutes the 
30 lower portions 26 of the guide tubes 24. 
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The function f can be a function which takes into 
consideration other stresses to which the guide tubes 24 can 
be subjected. Such a stress can be a vertical compression 
stress Of,, to which the guide tubes 24 are subjected during 
the contact of the springs 8 of the upper end piece 7 
against the upper bearing plate of the core in order to 
counterbalance the hydrostatic thrust during operation. 

Thus, the function f can be, for example, in the form of f 

It will be appreciated that this last step, illustrated by 
the box 58, can be performed by separate software which 
generally performs the validation of various design 
parameters of the assembly 1 based on results provided by 
various pieces of software each dedicated to taking, into 
consideration speci conditions and which 

.... incl^^^^^^ which performs the. steps 42, 44, .46, . . 

' 48, 5,0, 52, 54 and 56. 

In general teirms, the file 43 comprising the data 43 used by. 
the method for the various calculations can comprise the 
20 data of Table 1 below. 
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outside diameter of control rod 10 


(m) 


Nominal ; maximum 


inside diameter of upper portion 27 


(m) 


Nominal ; maximum 


inside diameter of lower portion 26 


(m) 


Nominal ; maximum 


total length of lower portion 26 


(m) 




damping travel before impact 


(m) 




minimum thickness of wall of lower portion 26 


(m) 




maximum roughness of rod 10/txibe 24 


(m) 




diameter of aperture 2 9 


(m) 




length of aperture 2 9 


(m) 




roughness of aperture 29 


(m) 




moving mass M 


(kg) 




volumetric m^ of liquid " » . 


(kg/m^) 




kiriemiti of liquid 


(tnVs). 




ci- • i^'-^-h--.'- . . ■ . ■ ■ ■ ■■' 






C2 


(m/s^) 




Young's modulus of guide tube 24 


(Pa). 




Poisson's ratio of guide tube 24 






spring precompression 16 


(m) 




preloading of spring 16 


(N) 




length of spring J.6 with contiguous turns 


(m) 




outside diameter of spring 16 


(m) 






(m) 




compression when upper head 12 is in contact 
with upper end piece 7 . 


(m) 




END . 







Table 1 
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similarly, the file 49 comprising the results from step 48 
an comprise the data of Table 2 below. 



'2kPMAx. maximum elevated pressure in lower portion 26 


(Pa) 


Zmms corresponding penetration in lower portion 26 


(m) 


OsMAx: maximum stress in lower portion 26 


(Pa) 


fmcuc: maximum force on lower end piece 6 


(N) 


tdur: duration of fall in lower portion 26 before impact 


(s) 


vf in: . speed of impact of assembly 4 on upper end piece 7 


(m/s) 



Table 2 

The file 57 comprising the results of step 56 can itself 
contain the data of Table 3 below. 



Fmax: maximum compression force on spring 16 


(N) 


; h*mx 5." maximum defl^ of spring:. 1(5 


,{.m) .... 


:'"Cmrx v''*Pt*fe^^^ stress ■ in ■ spring 


(pa). 


rtiiwiisTSiRpitb^ 


(Pa) 


tiiAx'2!' 'approximate' maximum stress corrected by If (Wahl coefficient)' 


(Pa) 



Table 3 



It has been possible to verify by experiment that the 
maximum elevated pressures and the maximum stresses obtained 
by means of steps 42, 44, 46 and 48 were reliable. In this 
manner, the first corresponding part of the method allows 
reliable guide tubes 24 to be designed. Furthermore, this 
first part calculates only a single stress which appears to 
be the pertinent stress for the conditions being considered. 
Consequently, this first part of the method allows the 
security margins to be limited during design, and therefore 
assemblies which are relatively light and economical to be 
designed. 
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The second part of the method, which corresponds to steps 
50,52, 54 and 56, also allows maximum stresses to be 
reliably calculated, as confirmed by experiment. 

Thus, the second part of the method allows a reliable design 
5 to be arrived at by calculation for the spider springs 16, 
which design is found to be advantageous in comparison with 
the method of tests alone which is currently imposed by 
provisions. It will be appreciated that the second part of 
the method calculates only the small number of stresses, and 
10 in particular those on the axis F2 of the spring 16 nearest 
the center axis A of the spring, which are found to be 
pertinent to the conditions envisaged. In this manner, the 
second part of the method allows the design margins to be 
reduced . 

15 In mor^ /general, terms., .the steps 42, 44, 46 and 48,. on the . 
one ha:n(^, and 50., 52 , 54 -and 56 , on. the other, can be . . . 
. "I^ert^^ separate pieces of software. 

"... ; In. px4®2^ :t.Q/increase the. reliabil the calculation,, for 

performing the first part of the method it is possible to 

20 use, as the passage gap J, the nominal value of the gap, or 
this nominal value corrected by the manufacturing tolerance, 
or a value resulting from statistical studies of the 
distribution of passage gaps J obtained in constructed 
assemblies. 

25 In a variant, it is possible to use a gap value J which is 
greater for steps 42 and 44 and a smaller gap value J for 
steps 4 6 and 48. This allows a high stress value OenAx to be 
calculated because the speed reached during the fall of the 
rod 10 in question is high and the volume available in the 

30 lower portion 26 for the liquid during damping is small. 
However, this high stress value is not unrealistic and 
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therefore does not lead to unjustified design margins, as 
illustrated by the following example. 

According to a specific variant, the upper value can be a 
maximum value for gap J which is verified with a given 
5 probability, for example, 95%, in constructed assemblies, 

and the lower value can be a minimum value obtained with the 
same probability. This variant allows an approximation of 
the situation where a single pair comprising a guide 
tube/control rod has minimum gap J, where the maximum stress 
10 oeMAx would be reached, and where all the other pairs 

comprising a guide tube/control rod have the maximum passage 
gap J, which would be the most extreme case. 

In some variants, the first part of the method could also 
take into consideration forms of the lower damping portion 
15 26 which are . different . from, th^ ,described previously. In 
this^^t^^^ these lower damping portdpns could have a 

plural f^y .p reduced .diameter > .= 

I ' optiona^^^ of increased diamieter, . 

generally referred to as cavities. In some variants, the 
20 first part of the method is performed with collared screws 
28 which are not perforated by holes 29. 

In still more general terms, the first part and the second 
part of the design method described can be used 
independently of each other. In this manner, it is possible 
25 to perform the second part relating to the design of the 
spring 16 without referring to the calculation of the 
elevated pressure AP and the stress oeMAx- 



722927 l.DOC 



19 



SUBSTITUTE SPECIFICATION 



# 



ABSTRACT 



A method for designing a nuclear fuel assembly, including 



the steps of establishing a progression of a speed of the 
control cluster after the impact of the support against the 
upper end piece, establishing, based on the speed 
established in step a) , a maximum longitudinal load for 
compression of the spring, and establishing, based on the 
maximum longitudinal load for compression, at least a 
maximum shearing stress in the spring. 
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